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$Q(YDOXDWLRQRI8OWUDVRQLF$UUD\VIRUWKH6WDWLFDQG'\QDPLF
0HDVXUHPHQWRI:KHHO5DLO&RQWDFW3UHVVXUHDQG$UHD
+HQU\%UXQVNLOO$QG\+XQWHU/X=KRX5RE'Z\HU-R\FH5RJHU/HZLV
'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ7KH8QLYHUVLW\RI6KHIILHOG0DSSLQ6WUHHW6-'6KHIILHOG
8QLWHG.LQJGRP


$%675$&7 
7KH LQWHUIDFLDO FRQWDFW FRQGLWLRQV EHWZHHQ D UDLOZD\ YHKLFOH ZKHHO DQG WKH UDLO DUH
SDUDPRXQWWRWKHOLIHVSDQVDIHW\DQGVPRRWKRSHUDWLRQRIDQ\UDLOQHWZRUN7KHZKHHOUDLO
LQWHUIDFH FRQWDFW SUHVVXUH DQG DUHD FRQGLWLRQV KDYH EHHQ HVWLPDWHG FDOFXODWHG DQG
VLPXODWHGE\LQGXVWU\DQGDFDGHPLDIRUPDQ\\HDUVEXWDPHWKRGRIDFFXUDWHO\PHDVXULQJ
G\QDPLFFRQWDFWFRQGLWLRQVKDV\HWWREHUHDOLVHG0HWKRGVXVLQJSUHVVXUHVHQVLWLYHILOPV
DQGFRQWUROOHGDLUIORZKDYHEHHQHPSOR\HGEXWERWKDUHOLPLWHG8OWUDVRQLFUHIOHFWRPHWU\
LVWKHWHUPJLYHQWRDFWLYHXOWUDVRQLFVLQZKLFKDQXOWUDVRQLFWUDQVGXFHULVPRXQWHGRQWKH
RXWHUVXUIDFHRIDFRPSRQHQWDQGDVRXQGZDYHLVJHQHUDWHG7KLVXOWUDVRQLFZDYHSDFNHW
SURSDJDWHV WKURXJK WKH KRVWPHGLXP DQG UHIOHFWV RII WKH FRQWDFWLQJ LQWHUIDFH RI LQWHUHVW
7KH UHIOHFWHG ZDYHIRUP LV WKHQ GHWHFWHG DQG FRQWDFW DUHD DQG LQWHUIDFLDO VWLIIQHVV
LQIRUPDWLRQFDQEHH[WUDFWHGIURPWKHVLJQDOXVLQJWKHTXDVLVWDWLFVSULQJPRGHO6WLIIQHVV
FDQEHUHODWHGWRFRQWDFWSUHVVXUHE\SHUIRUPLQJDVLPSOHFDOLEUDWLRQSURFHGXUH3UHYLRXV
FRQWDFW SUHVVXUH PHDVXUHPHQW ZRUN KDV UHOLHG RQ XVLQJ D IRFXVLQJ WUDQVGXFHU DQG D 
GLPHQVLRQDO VFDQQLQJ DUUDQJHPHQW ZKLFK UHVXOWV LQ D KLJK UHVROXWLRQ LPDJH RI WKH
ZKHHOUDLOFRQWDFWEXWLVOLPLWHGWRVWDWLFORDGLQJRIDVSHFLPHQFXWIURPDZKHHODQGUDLO
7KH ZRUN GHVFULEHG LQ WKLV SDSHU KDV DVVHVVHG WKH IHDVLELOLW\ RI PHDVXULQJ D G\QDPLF
ZKHHOUDLOFRQWDFWSDWFKXVLQJDQDUUD\RIXOWUDVRQLFHOHPHQWVPRXQWHGLQWKHUDLO(DFK
HOHPHQW LV LQGLYLGXDOO\ SXOVHG LQ VHTXHQFH WR EXLOG XS D OLQHDU FURVV VHFWLRQDO SUHVVXUH
SURILOH PHDVXUHPHQW RI WKH LQWHUIDFH 7KHVH FURVVVHFWLRQDO OLQH PHDVXUHPHQWV DUH WKHQ
SURFHVVHGDQGFROODWHGUHVXOWLQJLQDGLPHQVLRQDOFRQWDFWSUHVVXUHSURILOH0HDVXUHPHQWV
KDYHEHHQWDNHQDWGLIIHUHQWVSHHGVDQGORDGV

.H\ZRUGV:KHHOUDLOFRQWDFWPHDVXUHPHQWUHDOWLPHFRQWDFWSUHVVXUH

 



 ,1752'8&7,21
 7KH:KHHO5DLO&RQWDFW
7KHUDLOYHKLFOHZKHHODQGUDLOFRQWDFW LQWHUIDFHLVDFULWLFDOFRPSRQHQWRIDQ\UDLOEDVHG
V\VWHP WKDWPXVWEH FDUHIXOO\FRQWUROOHG LQRUGHU WRSURYLGHVDIHDQGHIILFLHQWRSHUDWLRQV
IRU SDVVHQJHU DQG IUHLJKW VHUYLFHV DOLNH7KHUH LV D ZLGH UDQJHRI LQIOXHQWLDO IDFWRUV WKDW
DIIHFW ZKHHOUDLO FRQWDFW FRQGLWLRQV LQFOXGLQJ YHUWLFDO DQG ODWHUDO IRUFHV GLVWULEXWLRQ RI
PDVVDWWDFNDQJOHRIZKHHOVHW VSHHG IULFWLRQGHEULVRQ WKH WUDFNDQGFXUYH UDGLXV >@
7KHVHIDFWRUVDOO DIIHFWZHDURIERWK WKHZKHHODQG WKHUDLOZKLFKFDQ OHDGWR IDLOXUHDQG
SRVVLEOHGHUDLOPHQW
7KHFRQWDFWSUHVVXUHGLVWULEXWLRQDQG LQWHUIDFLDOIULFWLRQGHILQH WKHVWUHVVVWDWH LQ WKHUDLO
7KHORFDWLRQDQGVKDSHRIWKHFRQWDFWDUHYLWDOWROLIHSUHGLFWLRQGDLO\PDLQWHQDQFHSURILOH
GHVLJQ DQG VDIHW\ RI UDLO WUDFNV 5HVHDUFK DQG LQYHVWLJDWLRQV KDYH EHHQ XQGHUWDNHQ IRU
\HDUV WR VWXG\ WKH ZKHHOUDLO FRQWDFW 'XH WR WKH FRPSOH[LW\ DQG LQDFFHVVLELOLW\ RI WKH
G\QDPLF ZKHHOUDLO LQWHUIDFH QR SUDFWLFDO PHWKRGV H[LVW WR SHUIRUP QRQLQYDVLYH
PHDVXUHPHQWVRIWKHLQWHUIDFLDOFRQWDFWFRQGLWLRQVVXLWDEOHIRUDSSOLFDWLRQVLQWKHILHOG
 &RQWDFW0RGHOOLQJ
7KHPDMRULW\RI WKH FXUUHQWGHVLJQVDQGPDLQWHQDQFHF\FOHSUHGLFWLRQV UHO\RQDQDO\WLFDO
DQG QXPHULFDO WHFKQLTXHV WR PRGHO WKH FRQWDFW FRQGLWLRQV DQG ZHDU DW WKH ZKHHOUDLO
LQWHUIDFH >@ $ FRPPRQ DSSURDFK WR PRGHO WKH FRQWDFW SUHVVXUH XQGHU QRUPDO ORDGLQJ
FRQGLWLRQV LV WR FDOFXODWH WKH DUHD RI LQWHUSHQHWUDWLRQ RI PHDVXUHG SURILOHV %\ ILWWLQJ DQ
HOOLSVH WR WKLV WKH +HUW]LDQ PRGHO FDQ EH DSSOLHG WR FDOFXODWH WKH FRQWDFW SUHVVXUH >@
7KHUHDUHDZLGHYDULHW\RIFRPSOH[QXPHULFDOVROYHUVVXFKDV)$676,0&217$&7RU
675,3(6 WKDW XVH WKH UHDO SURILOHV WR FUHDWH DFFXUDWHG\QDPLFFRQWDFW DUHD DQG SUHVVXUH
SUHGLFWLRQVFRQVLGHULQJWKHWDQJHQWLDOORDG>@
 0HDVXUHPHQWRI&RQWDFW3UHVVXUHDQG$UHD
)HZH[SHULPHQWDOPHWKRGVH[LVWWRUHOLDEO\PHDVXUHFRQWDFWFRQGLWLRQVDWDQLQWHUIDFHDQG
HYHQIHZHUPDQDJHWRDFKLHYHWKLVQRQLQYDVLYHO\6DZ\HUDQG:DKOUHYLHZHGWKHFXUUHQW
VWDWHRIWKHDUWLQLQVLWXWULERORJ\LQ>@>@3UHVVXUHVHQVLWLYHILOPVKDYHEHHQXVHG
EXW WKHVH LQWURGXFH D WKLFNQHVV WKDW ZLOO LQKHUHQWO\ FKDQJH WKH FRQWDFW FRQGLWLRQV
(QJLQHHUV EOXH LV DQRWKHU H[DPSOH RI DQ LQYDVLYH WHFKQLTXH WKDW FDQ \LHOG XVHIXO
LQIRUPDWLRQ HVSHFLDOO\ XQGHU VWDWLF FRQGLWLRQV 7KH G\QDPLF QDWXUH RI WKH ZKHHOUDLO
LQWHUDFWLRQ OLPLWV WKH DSSOLFDWLRQ WKRXJK >@ 6RPH LQIRUPDWLRQ FDQ EH H[WUDFWHG E\
PHDVXULQJWKHHOHFWULFDOUHVLVWDQFHDFURVVDQLQWHUIDFHDVWKLVLVSURSRUWLRQDOWRWKHFRQWDFW
FRQGLWLRQV >@>@ >@+RZHYHU WKH UHTXLUHPHQW IRU HOHFWULFDO LVRODWLRQPHDQV WKDW WKLV
PHWKRG LV XVXDOO\ FRQILQHG WR WKH ODERUDWRU\ 2SWLFDO PHWKRGV KDYH EHHQ VXFFHVVIXOO\
DSSOLHG WR WKH PHDVXUHPHQW RI FRQWDFWLQJ LQWHUIDFHV E\ XVLQJ D WUDQVSDUHQW FRPSRQHQW
DOORZLQJYLVLRQV\VWHPVWRDFFHVVWKHFRQWDFW>@>@$OWKRXJKDYHU\SRZHUIXOODEWRRO
RSWLFDOEDVHGPHDVXUHPHQWVDUHQRWIHDVLEOHWREHDSSOLHGWRWKHZKHHOUDLODSSOLFDWLRQGXH
WRWKHPHFKDQLFDOOLPLWVRIWUDQVSDUHQWPDWHULDOV
'\QDPLF PHDVXUHPHQWV KDYH EHHQ REWDLQHG XVLQJ D PRGLILHG UDLO VHFWLRQ ZLWK D JULG RI
VPDOO KROHV SDVVLQJ ORZ SUHVVXUH DLU WKURXJK WKH VXUIDFH RI WKH UDLOKHDG $V WKH ZKHHO
PRYHV RYHU WKH UDLO VRPH RI WKH KROHV ZLOO VWRS WKH IORZ RI DLU 7KLV UHVXOWV LQ ORZ
UHVROXWLRQFRQWDFWHYROXWLRQGDWD>@



.HQGDODQG7DERU>@ILUVWXVHGXOWUDVRXQGWR LQYHVWLJDWHGU\FRQWDFWV7KH\GHWHUPLQHG
WKDW WKH WUDQVPLVVLRQ RI XOWUDVRXQG ZDV D IXQFWLRQRI WKH LQWHUIDFLDO VWLIIQHVV$GGLWLRQDO
ZRUN ZDV FDUULHG RXW E\ 'Z\HU-R\FH WR IXUWKHU XQGHUVWDQG WKH UHODWLRQVKLS EHWZHHQ
VXUIDFH URXJKQHVV DQG VWLIIQHVV >@ >@ 7KLV ZRUN KDV EHHQ FRQWLQXHG DQG QXPHURXV
VWDWLF XOWUDVRQLF FRQWDFWPHDVXUHPHQWV KDYH EHHQ FDUULHG RXW XVLQJ D VFDQQLQJ V\VWHP WR
LQYHVWLJDWHPDFKLQHHOHPHQWLQWHUIDFHVVXFKDV0DUVKDOOHWDO>@>@LQYHVWLJDWLQJWKH
FRQWDFWEHWZHHQEROWHGSODWHVLQWHUIHUHQFHILWV>@DQGWKHVWDWLFFRQWDFWSUHVVXUHDQGDUHD
EHWZHHQDVHFWLRQHGUDLOURDGYHKLFOHZKHHODQGUDLO>@7KHWHFKQLTXHLQYROYHVSXOVLQJDQ
XOWUDVRQLF SUHVVXUH ZDYH WRZDUGV WKH FRQWDFW LQWHUIDFH DQG GHULYLQJ LQIRUPDWLRQ IURP
UHIOHFWHG VLJQDOV ,Q WKHVH LQYHVWLJDWLRQV DQ XOWUDVRQLF SUREH LV LPPHUVHG LQ ZDWHU DQG
PRXQWHG RQ DQ [\ VFDQQLQJ V\VWHP UHVXOWLQJ LQ D PHDVXUHPHQW RI FRQWDFW SUHVVXUH
GLVWULEXWLRQLQDGLQWHQVLW\SORW7KLVPHWKRGLVRQO\DSSOLFDEOHWRVWDWLFFRQWDFWVDQGWKH
JHRPHWU\RIWKHVSHFLPHQVKDVWREHFDUHIXOO\FRQWUROOHGWRHQVXUHWKHXOWUDVRQLFEHDPLV
UHIOHFWHG RII WKH LQWHUIDFH DQG EDFN WR WKH SUREH 7KHVH VWXGLHV SURYHG VXFFHVVIXO LQ WKH
DQDO\VLVRIVWDWLFFRQWDFWVEXW LQRUGHU WRDSSO\ WKHVHPHWKRGV WR LQGXVWULDOXVHG\QDPLF
FRQWDFWPHDVXUHPHQWVPXVWEHDFKLHYHG%\XVLQJDQDUUD\RIXOWUDVRQLFHOHPHQWVPRXQWHG
GLUHFWO\ WR WKH FRPSRQHQW G\QDPLF FRQWDFW SUHVVXUH PHDVXUHPHQWV FDQ EH DFKLHYHG
6LPSOHEDOORQIODWG\QDPLFFRQWDFWVKDYHEHHQDQDO\VHGLQWKLVZD\LQD WULERPHWHU>@
DQGWKHFRQWDFWSUHVVXUHGLVWULEXWLRQRIDPHWDOWRPHWDOVHDOZDVFKDUDFWHULVHGGXULQJDQ
RLO DQG JDV HQG ILWWLQJ DVVHPEO\ SURFHVV >@ ,Q WKLV LQYHVWLJDWLRQ D  HOHPHQW OLQHDU
DUUD\ZDVPRXQWHGLQWKHUDLOUHVXOWLQJLQDGLPHQWLRQDOOLQHPHDVXUHPHQW$VWKHZKHHO
UROOVRYHUWKHUDLOWKHFRQWDFWSUHVVXUHGLVWULEXWLRQFDQEHPHDVXUHGLQUHDOWLPH$VLPSOH
TXDVLVWDWLF PHDVXUHPHQW KDV SUHYLRXVO\ EHHQ FDUULHG RXW E\ PRYLQJ DQ DUUD\ DFURVV D
VWDWLFZKHHO IODQJHJDXJHFRUQHU FRQWDFW >@7KH DLPRI WKLV ZRUNZDV WREXLOGRQ WKLV
LQLWLDOVWXG\WRFDUU\RXWDTXDVLVWDWLFZKHHOWUHDGUDLOKHDGPHDVXUHPHQWXVLQJZKHHODQG
UDLO VHFWLRQV ORDGHG LQ D VWDQGDUG K\GUDXOLF ORDGLQJ IUDPH IROORZHG E\ D G\QDPLF
PHDVXUHPHQWRIWKHVDPHFRQWDFWRQDIXOOVFDOHWHVWULJ
 8/75$621,&0($685(0(176
 %DFNJURXQG
8OWUDVRXQGLVWKHQDPHJLYHQWRVRXQGZDYHVRIDIUHTXHQF\KLJKHUWKDQWKRVHDXGLEOHE\
WKHKXPDQHDUVWDUWLQJIURPDSSUR[LPDWHO\N+]>@6RXQGZDYHVLQWKLVUDQJHRFFXU
QDWXUDOO\ LQ PHFKDQLFDO HTXLSPHQW EXW WKH XOWUDVRQLF PHWKRG XVHG KHUH LV ZKHQ DQ
XOWUDVRQLF ZDYH LV SXUSRVHIXOO\ LQWURGXFHG LQWR WKH FRPSRQHQW DQG WKH EHKDYLRXU RI WKLV
ZDYH FDUHIXOO\ PRQLWRUHG 7KLV LV FRPPRQO\ UHIHUUHG WR DV XOWUDVRQLF UHIOHFWRPHWU\ DQG
KDVDZLGHUDQJHRIDSSOLFDWLRQVPRVWQRWDEO\LQWKHILHOGVRIPHGLFDOGLDJQRVWLFVDQGQRQ
GHVWUXFWLYHWHVWLQJ0RUHUHFHQWO\WKLVWHFKQRORJ\LVEHLQJXWLOLVHGLQLQGXVWU\IRUWKHQRQ
LQYDVLYH PHDVXUHPHQW DQG PRQLWRULQJ RI WULERORJLFDO FRQWDFWV WKURXJK WKH DGYHQW RI
SHUPDQHQWO\PRXQWHGWUDQVGXFHUV7KHPHDVXUHPHQWLVDFKLHYHGE\PRXQWLQJDWUDQVGXFHU
XVXDOO\ SLH]RHOHFWULF RQ DQ H[WHUQDO VXUIDFH WKDW IDFHV WKH LQWHUIDFH RI LQWHUHVW 7KH
WUDQVGXFHU LV H[FLWHG DQG D SUHVVXUH ZDYH LV JHQHUDWHG WKDW WUDYHOV WKURXJK WKH KRVW
PHGLXP$VWKHZDYHUHDFKHVDIHDWXUHRIGLIIHUHQWPDWHULDOSURSHUWLHVVXFKDVDFUDFNRU
LQWHUIDFH WKH ZDYH LV SDUWLDOO\ UHIOHFWHG 7KH UHIOHFWHG ZDYH LV GHWHFWHG E\ WKH VDPH
WUDQVGXFHU DQG WKH VLJQDO LV DPSOLILHG DQG GLJLWLVHG %\ PRQLWRULQJ WKH SKDVH DQG
DPSOLWXGH RI WKH UHIOHFWHG ZDYH LW LV SRVVLEOH WR XQGHUVWDQG D JUHDW GHDO DERXW WKH KRVW
PDWHULDO DQG WKH LQWHUIDFH 7KLV WHFKQLTXH KDV EHHQ VXFFHVVIXOO\ HPSOR\HG WR PHDVXUH



FRQWDFW SUHVVXUH >@ >@ >@ >@ >@ >@ >@ >@ >@ EXW DOVR OXEULFDQW ILOP
WKLFNQHVV>@YLVFRVLW\>@DQGZHDU>@
 5HIOHFWLRQRI8OWUDVRQLFZDYHVDWDQLQWHUIDFH
)RUDSHUIHFWO\ERQGHGFRQWDFWSDLUWKHSURSRUWLRQRIWKHLQFLGHQWVLJQDOUHIOHFWHGIURPWKH
LQWHUIDFHNQRZQDVUHIOHFWLRQFRHIILFLHQW5LVGHSHQGHQWRQWKHDFRXVWLFLPSHGDQFH]RI
WKHPDWHULDOVDQGLVGHWHUPLQHGE\IROORZLQJUHODWLRQVKLSܴ ൌ ௭మି௭భ௭మା௭భ 
ZKHUHݖଵDQGݖଶDUH WKHDFRXVWLF LPSHGDQFHVRI WKHPDWHULDOVHLWKHUVLGHRI WKHLQWHUIDFH$FRXVWLFLPSHGDQFHLVDPXOWLSOLFDWLRQRIGHQVLW\DQGVSHHGRIVRXQGLQWKHPDWHULDO$Q
XOWUDVRQLF ZDYH SURSDJDWHV ZHOO WKURXJK GHQVH PDWHULDO EXW GRHV QRW SURSDJDWH WKURXJK
PDWHULDOV RI VSDUVH SDUWLFOH GHQVLW\ VXFK DV DLU DQG LV WKHUHIRUH UHIOHFWHG EDFN ZKHQ
PHHWLQJ D VROLGDLU LQWHUIDFH >@ ,I D PDWHULDO LV EURXJKW LQWR FRQWDFW DW WKH UHIOHFWLRQ
ORFDWLRQVRPHRI WKHHQHUJ\RI WKHZDYHZLOOEH WUDQVIHUUHG LQWR WKLVFRQWDFWLQJPDWHULDO
DQGWKHPDJQLWXGHRIWKHUHIOHFWHGZDYHZLOOWKHUHIRUHEHUHGXFHG)URPWKLVLWLVSRVVLEOH
WRFKDUDFWHULVHDFRQWDFWXVLQJXOWUDVRQLFUHIOHFWRPHWU\
(QJLQHHULQJVXUIDFHVKDYHDQLQKHUHQWVXUIDFHURXJKQHVVLUUHVSHFWLYHRIKRZVPRRWKWKH\
PD\ DSSHDU $V WZR VROLG VXUIDFHV DUH SUHVVHG WRJHWKHU WKH DVSHULW\ SHDNV FRPH LQWR
FRQWDFW ZLWK RQH DQRWKHU DQG PDQ\ PLFURVFRSLF DLU JDSV DUH IRUPHG 7KH DFWXDO DUHD RI
FRQWDFW LV VPDOO UHODWLYH WR WKH DSSDUHQW DUHD $VVXPLQJ WKH DVSHULWLHV XQGHUJR HODVWLF
GHIRUPDWLRQWKHLQWHUIDFHFDQEHDQDORJLVHGDVDVHULHVRIVSULQJVZLWKVWLIIQHVV.SHUXQLW
DUHD ZKHUH DQ LQFUHDVH LQ QRPLQDO FRQWDFW SUHVVXUH S UHVXOWV LQ D XQLW LQFUHDVH LQ
DSSURDFKXRIWKHWZRPDWHULDOVGHVFULEHGE\(TXDWLRQܭ ൌ െ ௗ௣ௗ௨ 
)LJXUHDVKRZVDUHDOHQJLQHHULQJVXUIDFHLQWHUIDFHDQGELVWKHV\VWHPUHSUHVHQWHGDV
DVHULHVRIVSULQJV7KHVXUIDFHWRSRJUDSK\RIWKHOHIWLPDJHLVWKDWRIJURXQG(1VWHHO
5DRI
 




)LJXUHD$GLDJUDPVKRZLQJWRVFDOHWKHVXUIDFHDVSHULWLHVFRPLQJLQWRFRQWDFWDQG
EKRZWKHLQWHUIDFHEHKDYHVDVDVHULHVRIVSULQJVRIVWLIIQHVV.
)LJXUH D VKRZV WZR UHDOHQJLQHHULQJVXUIDFHV OLJKWO\ ORDGHG WRJHWKHU$V WKHQRPLQDO
ORDG 3QRP LV DSSOLHG WKH DVSHULWLHV GHIRUP DQG WKH LQWHUIDFLDO VWLIIQHVV LQFUHDVHV )RU DQ
XOWUDVRQLFZDYHSDFNHW UHIOHFWLQJRIIDQ LQWHUIDFH.HQGDOO	7DERU >@REVHUYHG WKDW LI
WKH OHQJWK RI WKH XOWUDVRQLF ZDYH LV ORQJ LQ FRPSDULVRQ ZLWK WKH DLU JDSV WKH ZKROH
LQWHUIDFHEHKDYHVDVDVLQJOH UHIOHFWRUDQG WKHUHIRUH WKHXOWUDVRQLFUHIOHFWLRQLVGHSHQGHQW
XSRQWKHVSULQJEHKDYLRXURIWKHLQWHUIDFH7KXVDQLQFUHDVHLQLQWHUIDFLDOVWLIIQHVVUHVXOWV
LQDQ LQFUHDVH LQXOWUDVRQLF WUDQVPLVVLRQWR WKHFRQWDFWLQJPDWHULDODQGDUHGXFWLRQLQ WKH
PDJQLWXGHRIWKHPHDVXUHGUHIOHFWHGZDYH%\PRQLWRULQJWKHFKDQJHLQDPSOLWXGHRIWKH
UHIOHFWHGZDYHRUWKHUHIOHFWLRQFRHIILFLHQW5WKHLQWHUIDFLDOVWLIIQHVV.*3DȝPFDQEH
FDOFXODWHGIURPWKHUHODWLRQVKLS(TXDWLRQ
   
   




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ZKHUHZLVWKHDQJXODUIUHTXHQF\RIWKHZDYH ISZ  ZKHUHILVIUHTXHQF\LQF\FOHVSHU
VHFRQG DQG ] WKH DFRXVWLF LPSHGDQFH RI PDWHULDOV  DQG  IRU WKH XSSHU DQG ORZHU
PDWHULDOV UHVSHFWLYHO\(TXDWLRQ LVNQRZQDV WKHTXDVLVWDWLF VSULQJPRGHORI UHIOHFWLRQ
>@)RUDPRUH LQGHSWKGHVFULSWLRQ WKHUHDGHUVKRXOGUHIHU WR >@ ,IVLPLODUPDWHULDOV
DUHLQFRQWDFWDQGLWFDQEHDVVXPHGWKDW] ]WKLVHTXDWLRQUHGXFHVWR
 
,QSUDFWLFH5LVREWDLQHGIURPXOWUDVRQLFPHDVXUHPHQWVE\GLYLGLQJWKHPHDVXUHGUHIOHFWHG
ZDYH E\ D UHIHUHQFH UHIOHFWLRQ 7KH UHIHUHQFH UHIOHFWLRQ LV D PHDVXUHPHQW RI DVVXPHG
  UHIOHFWLRQ ZKLFK LV DFKLHYHG ZKHQ WKH XOWUDVRQLF ZDYH UHIOHFWV RII D VROLGDLU
LQWHUIDFHZKHQWKHUHLVQRFRQWDFWLQRFFXUUHQFH:KHQFRQWDFWRFFXUVVRPHRIWKHZDYHLV
WUDQVPLWWHGDQGWKHPDJQLWXGHRIWKHUHIOHFWHGZDYHGHFUHDVHV$GLYLVLRQRIWKHPHDVXUHG
UHIOHFWHGZDYH E\ WKH UHIHUHQFH UHIOHFWLRQ UHVXOWV LQDYDOXHRI5 7KLVGLYLVLRQ FDQ WDNH
SODFHLQWKHWLPHRUIUHTXHQF\GRPDLQDQGFDQEHDFKLHYHGLQUHDOWLPH
.


 
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
PP
X
3QRP 3QRP
3QRP 3QRP
,QFLGHQW, 5HIOHFWLRQ
5
7UDQVPLWWHGW
D E



 5HODWLRQVKLS%HWZHHQ,QWHUIDFLDO6WLIIQHVVDQG&RQWDFW3UHVVXUH
7KH LQWHUIDFLDO VWLIIQHVV . LV QRQOLQHDU DQG YDULHV IURP ]HUR ZKHUH WKH VXUIDFHV DUH MXVW
WRXFKLQJ WR LQILQLW\ ZKHQ WKH\ DUH LQ FRPSOHWH FRQWDFW ,Q SUDFWLFH LQ PRVW HQJLQHHULQJ
LQWHUIDFHVWKHUHDODUHDRIFRQWDFWLVYHU\VPDOOFRPSDUHGWRWKHDSSDUHQWDUHDRIFRQWDFW
DVSHULW\ FRQWDFWV DUH GHSHQGHQW RQ WKH VXUIDFH WRSRJUDSK\ DQG WKH UHODWLRQVKLS EHWZHHQ
VWLIIQHVVDQGFRQWDFWSUHVVXUHLVFORVHWROLQHDU
'Z\HU-R\FHHWDO>@H[SHULPHQWDOO\LQYHVWLJDWHGWKHUHODWLRQVKLSEHWZHHQVWLIIQHVVDQG
SUHVVXUHIRUYDULRXVVXUIDFHVDQGFRPSDUHGWKHPWRPRGHOVRIURXJKVXUIDFHFRQWDFW7KH\
VKRZHG WKDW IRU ORZ FRQWDFW SUHVVXUH 03D D OLQHDU UHODWLRQVKLS LV DGHTXDWH %\
SHUIRUPLQJDFDOLEUDWLRQSURFHGXUHZLWKOLNHIRUOLNHPDWHULDOVDQGVXUIDFHWRSRJUDSKLHVLW
LV SRVVLEOH WR GLUHFWO\ REWDLQ FRQWDFW SUHVVXUH IURP PHDVXUHPHQWV RI 5 7R SHUIRUP WKLV
FDOLEUDWLRQDNQRZQORDGLVDSSOLHGWRDNQRZQFRQWDFWDUHDDQGIURPWKLVDUHODWLRQVKLS
FDQEHGHWHUPLQHGEHWZHHQWKHLQWHUIDFLDOVWLIIQHVVDQGWKHFRQWDFWSUHVVXUHWKDWKROGVWUXH
IRUWKDWSDUWLFXODUFRQWDFWSDLU)RUWKHZRUQZKHHOWUHDGFDVHZRUQKHUHPHDQVWKHZKHHO
LV UXQ LQ DQG WKHUHIRUH VPRRWKHU WKDQ WKH ³UHFHQWO\ WXUQHG´ FDVH WKDW DSSOLHV KHUH WKH
UHODWLRQVKLSEHWZHHQFRQWDFWSUHVVXUHS LV>@SOHDVHQRWHWKDW WKHVDPHFDOLEUDWLRQZDV
XVHGIRUVWDWLFDQGG\QDPLFWHVWV݌ ൌ ͳʹ͵ܭ 
 8OWUDVRQLF,QVWUXPHQWDWLRQIRU5DLO&RQWDFW0HDVXUHPHQWV
7KHSUHYLRXVPHWKRGVWULDOOHG>@>@>@ZLWKXOWUDVRXQGDUHKLJKO\GHVWUXFWLYHDVWKH
ZKHHO DQG UDLO VSHFLPHQV KDG WR EH VHFWLRQHG DQG PHDVXUHPHQWV WDNHQ LQ DQ XOWUDVRQLF
VFDQQLQJ WDQN 7KLV DSSURDFK ZDV DEOH WR DFKLHYH KLJK UHVROXWLRQ PHDVXUHPHQWV EXW LV
FRQILQHGVWDWLFPHDVXUHPHQWVLQDODERUDWRU\,QRUGHUWRDFKLHYHG\QDPLFPHDVXUHPHQWVD
GLIIHUHQWDSSURDFKZDVUHTXLUHG%\PRXQWLQJDOLQHDUDUUD\RIXOWUDVRQLFHOHPHQWV LQWKH
UDLOKHDG LW LV SRVVLEOH WR DFKLHYH G\QDPLF PHDVXUHPHQWV RI D IXOO VFDOH ZKHHO DQG UDLO
FRQWDFW
$Q XOWUDVRQLF DUUD\ WUDQVGXFHU LV D GHYLFH ZLWK D QXPEHU RI VHSDUDWH DFWLYH HOHPHQWV
PRXQWHGWRJHWKHULQDVLQJOHKRXVLQJ7KH\W\SLFDOO\KDYHEHWZHHQDQGLQGLYLGXDO
SLH]RHOHFWULF HOHPHQWV LQ D OLQH DOWKRXJK WKH\ FDQ EH EXLOW WR DQ\ VSHFLILFDWLRQ DQG DUH
VRPHWLPHV PRXQWHG LQ DQ DQQXOXV RU JULG ,Q WKLV ZRUN D  HOHPHQW OLQHDU DUUD\
WUDQVGXFHU0+]ZDVPRXQWHGLQDKROHFXWLQWKHUDLODVVKRZQLQ)LJXUH$VSULQJ
ORDGZDVXVHG WRSUHVV WKH WUDQVGXFHUDJDLQVW WKHXQGHUVLGHRI WKHUDLODQGDVROLG UXEEHU
FRXSODQW ZDV XVHG WR IDFLOLWDWH WKH DFRXVWLF WUDQVPLVVLRQ 7KH HOHPHQWDO VSDFLQJ ZDV
PPUHVXOWLQJLQDPHDVXUHPHQWZLQGRZOHQJWKRIPP7KHWUDQVGXFHUZDVGULYHQ
E\DEHVSRNH3&EDVHGXOWUDVRQLFSXOVHUUHFHLYHUGLJLWLVHUV\VWHP7KHV\VWHPRQO\KDG
XOWUDVRQLFFKDQQHOVVRDPXOWLSOH[HUZDVXVHGWRUHDFKWKHUHTXLUHGFKDQQHOFRXQWRI
7KHHOHPHQWV LQWKHDUUD\DUHHOHFWULFDOO\H[FLWHGLQGLYLGXDOO\LQWXUQ$VHDFKHOHPHQWLV
H[FLWHGDSUHVVXUHZDYHLVJHQHUDWHGWKDWSURSDJDWHVWKURXJKWKHUDLOPDWHULDODQGUHIOHFWV
DW WKHUDLOKHDGLQWHUIDFH7KHUHIOHFWHGZDYHLVWKHQUHFHLYHGE\WKHVDPHHOHPHQWEHIRUH
WKH PXOWLSOH[RU VZLWFKHV DQG WKH QHLJKERXULQJ HOHPHQW LV SXOVHG DV WKH F\FOH FRQWLQXHV
7KH UHIOHFWHG VLJQDOV DUH DPSOLILHG DQG GLJLWLVHG DQG DUH WKHQ VDYHG DQGRU SURFHVVHG LQ
UHDOWLPH$VFKHPDWLFGLDJUDPRIWKHVHWXSFDQEHVHHQLQ)LJXUH




)LJXUH7KHXOWUDVRQLFDUUD\PRXQWHGLQDUDLOVHFWLRQ


     
)LJXUH$VFKHPDWLFGLDJUDPRIWKHWHVWDUUDQJHPHQW

 48$6,67$7,& :+((/5$,/ &217$&7 35(6685(
0($685(0(17
7KHILUVWVWDJHZDVWRFDUU\RXWDQLQLWLDOTXDVLVWDWLFH[SHULPHQWWRGHULVNWKLVSURFHVVDQG
WRSURYH WKDW WKHWHFKQLTXHZDVYLDEOH$FRPSUHVVLRQORDGLQJULJZDVHPSOR\HGIRU WKLV
LQLWLDOSURRIRIFRQFHSW
:KHHO
5DLO
6SULQJ
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0RQLWRU
:KHHO
5DLO
$UUD\
6SULQJ
/RDG
/RDG



 ([SHULPHQWDO6HWXSDQG0HWKRGRORJ\
$ N1HOHFWULF 0D\HV FRPSUHVVLRQ ULJ ZDV XVHG WR VLPXODWH WKH YHUWLFDO IRUFH LQ WKLV
VWDWLFORDGLQJVFHQDULR7KHZKHHOVHFWLRQZDVPRXQWHGLQWKHXSSHUORDGLQJIUDPHDQGWKH
UDLOZDVFODPSHGWRWKHORZHUWHVWEHGGXULQJORDGLQJ7KHZKHHODQGUDLOZHUHSRVLWLRQHG
LQ VXFK D ZD\ WKDW WKH FRQWDFW SDWFK RFFXUUHG GLUHFWO\ DERYH WKH WUDQVGXFHU $Q LQLWLDO
UHIHUHQFH XOWUDVRQLF PHDVXUHPHQW ZDV WDNHQ EHIRUH FRQWDFW RFFXUUHG $ UHIHUHQFH
PHDVXUHPHQWLVWKHSHDNWRSHDNYDOXHRIWKHUHIOHFWHG$6FDQVZKHQDVVXPHGRI
WKHZDYHLVUHIOHFWHG$ORDGF\FOHZDVDSSOLHGIURPWRN1LQVWHSVRIN1DQGWKH
UHIOHFWHGVLJQDOVFDSWXUHGDQGSURFHVVHGLQUHDOWLPH
 4XDVLVWDWLF&RQWDFW5HVXOWV
7KH UHVXOWDQW FURVV VHFWLRQDO UHIOHFWLRQ FRHIILFLHQWV ZHUH REWDLQHG XVLQJ WKH PHWKRG
SUHYLRXVO\ GHVFULEHG VHH )LJXUH  7KHVH YDOXHV ZHUH XVHG WR FDOFXODWH LQWHUIDFLDO
VWLIIQHVV¶XVLQJ(TXDWLRQ8VLQJWKHUHODWLRQVKLSEHWZHHQLQWHUIDFLDOVWLIIQHVVDQGFRQWDFW
SUHVVXUH GLVFXVVHG LQ 6HFWLRQ  D FURVV VHFWLRQDO SUHVVXUH SURILOH IRU WKH ZKHHOUDLO
FRQWDFWFDQEHREWDLQHGDVVKRZQLQ)LJXUH

)LJXUH7KHUHIOHFWLRQFRHIILFLHQWRYHUWKHOHQJWKRIWKHZKHHOUDLOLQWHUIDFH

/RDG
GHFUHDVHG
IURPN1
WRN1LQ
N1VWHSV




)LJXUH&RQWDFWSUHVVXUHSURILOHRIWKHZKHHOUDLOLQWHUIDFHIRUYDULRXVORDGV
,QRUGHUWRFUHDWHDWZRGLPHQVLRQDOVXUIDFHSORWWKHUDLOZDVPDQXDOO\WUDYHUVHGXQGHUWKH
IL[HGZKHHODWPPVWHSVDQGUHORDGHGDWHDFKVWHS
)LJXUHVKRZVWKHWZRGLPHQVLRQDOPDSVRIUHIOHFWLRQFRHIILFLHQWDWORDGVRIN1VKRZQ
LQDDQGN1VKRZQLQE

)LJXUH7ZRGLPHQVLRQDOUHIOHFWLRQFRHIILFLHQWVXUIDFHSORWVRIWKHZKHHOUDLOLQWHUIDFHDW
N1VKRZQLQDDQGN1VKRZQLQE
3UHVVXUH VHQVLWLYH ILOP )XMLILOP 3UHVFDOH 6XSHU+LJK 3UHVVXUH 03D ZDVSODFHG
EHWZHHQWKHFRQWDFWDQGWKHORDGDSSOLHG7KHUHVXOWVFDQEHVHHQLQ)LJXUH

    
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PP
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PP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/RDG
LQFUHDVHG
IURPN1
WRN1LQ
N1VWHSV



 

)LJXUH7KHPHDVXUHGFRQWDFWSDWFKIURPWKHSUHVVXUHVHQVLWLYHILOPIRUDQDSSOLHGORDG
RIN1DDQGN1E

 '<1$0,&0($685(0(172):+((/5$,/
&217$&7
7KHDLPRIWKLVVHFWLRQZDVWRREWDLQG\QDPLFXOWUDVRQLFFRQWDFWSDWFKPHDVXUHPHQWVRID
UHDOZKHHOUROOLQJRYHUDUDLOZLWKDUDLOPRXQWHGXOWUDVRQLFDUUD\V\VWHP
 '\QDPLF:KHHOUDLO([SHULPHQWDO6HWXS
$IXOOVFDOHG\QDPLFZKHHORQUDLOWHVWULJZDVXVHGIRUWHVWLQJSKRWRJUDSKVRIWKHWHVWULJ
FDQEH VHHQ LQ)LJXUH$ZKHHO ZLWK DZRUQ3SURILOHDW DGLDPHWHURIPP LV
VXVSHQGHGRQDQD[OHPRXQWHGLQKLQJHGVXEIUDPH$ERYHWKHZKHHOVLWVDYHUWLFDOO\
PRXQWHGDFWXDWRU XVHG WR VLPXODWHD[OH ORDGVRIXS WRN1$PP ORQJ8,&$
UDLO VHFWLRQ  LV PRXQWHG RQ D VOLGLQJ EHG 7KH UDLO LV GULYHQ E\ KRUL]RQWDOO\ PRXQWHG
K\GUDXOLFDFWXDWRUVDQGFDQEHSXOOHGDQGSXVKHGORQJLWXGLQDOO\,QWKLVVHWRIWHVWVWKH
ZKHHO URWDWHVGXH WR IULFWLRQDV WKH UDLOPRYHVDOWKRXJK WKHHTXLSPHQWKDV WKHDELOLW\ WR
PRYHWKHZKHHOLQGHSHQGHQWO\PRUHLQIRUPDWLRQRQWKHULJFDQEHIRXQGLQ>@>@
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
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)LJXUH)XOOVFDOHZKHHOUDLOWHVWULJYHUWLFDODFWXDWRUORDGLQJIUDPH
ORQJLWXGLQDOGULYHV\VWHPODWHUDO5DPZKHHOUDLO
7KH UDLO KDV D PD[LPXP GLVSODFHPHQW RI PP UHVXOWLQJ LQ D ZKHHO URWDWLRQ RI
DSSUR[LPDWHO\RID IXOO UHYROXWLRQ$IWHUHDFKSDVV WKH UDLO LV SXVKHGEDFNZDUGVDQG
WKHZKHHO LV UHVHW WR LWVRULJLQDOSRVLWLRQ ,W LVDOVRSRVVLEOH WRDSSO\D ODWHUDO ORDG WR WKH
ZKHHO XVLQJ D ODWHUDO UDP  DOWKRXJK QR ODWHUDO ORDG ZDV DSSOLHG GXULQJ WKLV
LQYHVWLJDWLRQ 



7KH XOWUDVRQLF DUUD\ WUDQVGXFHU ZDV PRXQWHG LQ WKH UDLO LQ WKH VDPH FRQILJXUDWLRQ DV LQ
6HFWLRQ  7KH VRIWZDUH ZDV GHVLJQHG VR WKDW WKH UHIOHFWLRQ FRHIILFLHQW DQG FRQWDFW
SUHVVXUH SURILOH ZDV FDOFXODWHG LQ UHDOWLPH DQG WKH FRQWDFW SUHVVXUH VXUIDFH SORWV ZHUH
GLVSOD\HGOLYHRQVFUHHQ7KLVDOORZHGVLPSOHUHSRVLWLRQLQJRIWKHDUUD\WUDQVGXFHUGXULQJ
WHVWLQJ WRHQVXUH WKH HQWLUH FRQWDFWSDWFKZDV FDSWXUHG LQ WKHFHQWUHRI WKH PHDVXUHPHQW
ZLQGRZ 7KH UHVROXWLRQ RI WKH [ D[LV DFURVV WKH UDLO KHDG LV OLPLWHG WR WKH SK\VLFDO
DUUDQJHPHQWRIWKHHOHPHQWVDQGVRLQWKLVFDVHZDVIL[HGDWPP[7KHUHVROXWLRQRI
WKH\D[LVUROOLQJGLUHFWLRQLVGHWHUPLQHGE\WKHXOWUDVRQLFSXOVHUHSHWLWLRQIUHTXHQF\35)
DQG WKH ZKHHO UROOLQJ YHORFLW\ 7KH UROOLQJ VSHHGV IRU WKHVH WHVWV ZDV  PPV DQG D
FRQVWDQWORDGZDVDSSOLHGWKURXJKRXWWKHIXOOVWURNH$VWKHUROOLQJYHORFLW\RIWKHZKHHO
UDLO ULJ ZDV ORZ D 35) RI +] ZDV XVHG WR \LHOG D UROOLQJ GLUHFWLRQ UHVROXWLRQ RI
DSSUR[LPDWHO\PP
 )XOO6FDOH'\QDPLF7HVW5HVXOWV
5HIOHFWLRQFRHIILFLHQWLQWHQVLW\SORWVRIWKHZKHHOUDLOFRQWDFWIRUWKUHHORDGLQJFDVHVFDQEH
VHHQLQ)LJXUH
DEF
)LJXUH5HIOHFWLRQFRHIILFLHQWLQWHQVLW\SORWVIRUQRUPDOORDGVRIDN1EN1DQG
FN1
7KLVILJXUHFOHDUO\VKRZVWKHFRQWDFWSDWFKZKLFKLQFUHDVHVLQVL]HZLWKLQFUHDVLQJQRUPDO
ORDG 8VLQJ WKH WUDQVGXFHU VL]H XOWUDVRQLF 35) DQG UROOLQJ VSHHG WKH D[LV RI WKH DERYH
ILJXUH FDQ EH FRQYHUWHG WR GLVWDQFH 6XUIDFH SORWV VKRZLQJ WKH UHIOHFWLRQ FRHIILFLHQW DUH
JLYHQLQ)LJXUH




)LJXUH5HIOHFWLRQFRHIILFLHQWLQWHQVLW\SORWVZLWKD[LVFRQYHUWHGWROHQJWKIRUQRUPDO
ORDGVRIDN1EN1DQGFN17KH<D[LVGHQRWHVWKHUROOLQJGLUHFWLRQ

D E
F



(TXDWLRQZDVWKHQXVHGDORQJZLWKWKHDFRXVWLFLPSHGDQFHRIVWHHO05D\OVDQGWKH
DUUD\IUHTXHQF\0+]WRFDOFXODWHLQWHUIDFLDOVWLIIQHVVIURPWKHUHIOHFWLRQFRHIILFLHQWDV
SUHVHQWHGLQ)LJXUH

)LJXUH&RQWDFWVWLIIQHVVIRUQRUPDOORDGVRIDN1EN1DQGFN1
D E
F



1XOOYDOXHVDUHVHHQRXWVLGHRIWKHFRQWDFWZKHUHWKHUHLVDQDLULQWHUIDFH7KHVWLIIQHVVLV
VHHQ WR LQFUHDVH ZLWK LQFUHDVLQJ QRUPDO ORDG DV H[SHFWHG DQG SHDN VWLIIQHVV LV LQ WKH
UHJLRQ RI  *3DP 7KH VWLIIQHVV ZDV FRQYHUWHG WR SUHVVXUH XVLQJ (TXDWLRQ  WR \LHOG
)LJXUH


)LJXUH&RQWDFWSUHVVXUHIRUQRUPDOORDGVRIDN1EN1DQGFN1
D E
F



7KHILJXUHVKRZV LQFUHDVLQJFRQWDFWSUHVVXUHZLWK LQFUHDVLQJ ORDGDQGSHDNSUHVVXUHVRI
WR03D7KHFRQWDFWVKDSHFDQEHH[WUDFWHGIURPWKHGDWDLQ)LJXUHE\DSSO\LQJ
DWKUHVKROGKHUHLWZDVFKRVHQDV03DDVPLQLPDOWRQRFRQWDFWZDVVHHQRXWVLGHRIWKLV
OHYHODQGH[WUDFWLQJDFRQWRXU3UHVVXUHFRQWRXUVIRU WKHWKUHHORDGLQJFDVHVDUHVKRZLQ
)LJXUH



)LJXUH&RQWDFWSUHVVXUHFRQWRXUVIRUQRUPDOORDGVRIDN1EN1DQGF
N1
,QDGGLWLRQ WR WKHXOWUDVRQLFPHDVXUHPHQWVKLJKSUHVVXUH VHQVLWLYHILOPZDVDOVRXVHG WR
PHDVXUHWKHFRQWDFWSDWFK7KHSUHVVXUHVHQVLWLYHILOPZDVLQWURGXFHGLQWRWKHFRQWDFWDQG
DZKHHOSDVVDWHDFKQRUPDOORDGZDVFDUULHGRXW7KHILOPXVHGKDGDQDFWLYDWLRQSUHVVXUH
UDQJHRIWR03DDQGLPDJHVRIWKHFRQWDFWVKDSHVJDLQHGIURPWKLVFDQEHVHHQLQ
)LJXUH
D E
F




)LJXUH&RQWDFWDUHDPHDVXUHPHQWXVLQJSUHVVXUHVHQVLWLYHIRUQRUPDOORDGVRID
N1EN1DQGFN1
7RDOORZFRPSDULVRQRIWKHXOWUDVRQLFDQGSUHVVXUHVHQVLWLYHILOPPHDVXUHPHQWVSUHVVXUH
FRQWRXUV PHDVXUHG XOWUDVRQLFDOO\ IRU WKH DFWLYDWLRQ UDQJH RI WKH ILOP KDYH EHHQ RYHU
SORWWHGRQWRWKHILOPPHDVXUHPHQWV LQ)LJXUH7KLVVKRZVYHU\VLPLODUFRQWDFWVKDSHV
JDLQHGXVLQJERWKPHWKRGV7KHSUHVVXUHVHQVLWLYHILOPVKRZVDVOLJKWO\ODUJHUFRQWDFWDUHD
WKDQ WKH HTXLYDOHQW XOWUDVRQLF PHWKRGV 7KLV RFFXUV GXH WR WKLFNQHVV RI WKH SUHVVXUH
VHQVLWLYH ILOP WKLV FDXVHV LW WR LQFUHDVH WKH FRQWDFW DUHD DQG VOLJKWO\ RYHUHVWLPDWH WKH
FRQWDFWSDWFK






D E F





)LJXUH&RQWDFWDUHDPHDVXUHPHQWXVLQJSUHVVXUHVHQVLWLYHILOPRYHUODLGZLWK
XOWUDVRQLFDOO\PHDVXUHGDQG03DFRQWRXUVIRUQRUPDOORDGVRIDN1E
N1DQGFN1
7KHXOWUDVRQLFPHDVXUHPHQWVZHUH IRXQG WREHKLJKO\ UHSHDWDEOHDV VKRZQ LQ)LJXUH 
ZKLFKRYHUSORWVWKHSUHVVXUHFRQWRXUVJDLQHGIRUDWKUHVKROGRI03DIRUUHSHDWSDVVHV
DWORDGVRIDQGN1
D E
F




)LJXUH03DSUHVVXUHFRQWRXUVRYHUSORWWHGIRUVXFFHVVLYHSDVVHVDWORDGVRI
N1N1DQGN1
7KHPHDVXUHGFRQWDFWDUHDVRIHDFKPHDVXUHPHQWZHUHH[WUDFWHGSURJUDPPDWLFDOO\8VLQJ
DSUHVVXUHWKUHVKROGRI03DDVQRFRQWDFWZDVQRWHGRXWVLGHRIWKLVOHYHO7KHUHVXOWV
IRUWKLVIRUSDVVHVDUHJLYHQLQ7DEOH

 



7DEOH7KHFRQWDFWDUHDVIURPWKHXOWUDVRQLFPHDVXUHPHQWIRUFRQVHFXWLYHSDVVHVDW
N1N1DQGN1XVLQJD03DWKUHVKROG
/RDGVN1   
3DVVPP   
3DVVPP   
3DVVPP   
3DVVPP   
3DVVPP   
$YHUDJHPP   

 'LVFXVVLRQ
7KH TXDVLVWDWLF LQYHVWLJDWLRQ SURYHG WKDW WKH UDLO PRXQWHG DUUD\ WUDQVGXFHU LV D IHDVLEOH
PHWKRG WR PHDVXUH WKH ZKHHOUDLO FRQWDFW 7KH ZLGWK UHVROXWLRQ RI WKH FRQWDFW SUHVVXUH
SURILOHLVGHSHQGHQWXSRQWKHZLGWKRIWKHXOWUDVRQLFHOHPHQWVZKLFKLQWKLVFDVHLVIL[HGDW
PP7KHOHQJWKD[LVUHVROXWLRQLVGHWHUPLQHGE\WKHGLVWDQFHWKDWWKHUDLOZDVPRYHG
XQGHU WKH ZKHHO 7KH XOWUDVRQLF FRQWDFW DUHD PHDVXUHPHQWV ZHUH LQ DJUHHPHQW ZLWK WKH
SUHVVXUHVHQVLWLYHILOP7KHSUHVVXUHVHQVLWLYHILOPXVHGZDVQRWRSWLPLVHGIRUWKHSUHVVXUH
UDQJHWKHUHIRUHLWLVQRWSRVVLEOHWRH[WUDFWSUHVVXUHYDOXHVRQO\DUHDV,WLVXQGHUVWRRGWKDW
WKHPHWKRGRIWUDYHUVLQJWKHUDLOXQGHUWKHZKHHOLVXVHIXORQO\IRUYLVXDOLVDWLRQSXUSRVHV
DQG LV QRW UHSUHVHQWDWLYH RI D UROOLQJ ZKHHO 7KH VHQVRUV ZHUH  PP ORQJ LQ WKH UROOLQJ
SODQHWKLVZDVDFFRXQWHGIRULQWKHFRQWDFWDUHDPHDVXUHPHQWVE\VXEWUDFWLQJPPIURP
WKHFHQWUHRIWKHILQDOVXUIDFHSORWVWRUHYHDOWKHWUXHFRQWDFWVKDSH
7KHPHDVXUHPHQW RQ WKHIXOOVFDOH ULJSURYHG VXFFHVVIXO DQGG\QDPLFZKHHO UDLO FRQWDFW
SUHVVXUHSURILOHPHDVXUHPHQWVZKHUHDFKLHYHGDOEHLWDW ORZUROOLQJVSHHGV7KHSUHVVXUH
VHQVLWLYHILOPZLOOUHVXOWLQDQRYHUHVWLPDWLRQRIFRQWDFWDUHD7KLVLVGXHWRWKHIDFWWKDW
WKHLQKHUHQWWKLFNQHVVRIWKHILOPZLOOLQGLFDWHFRQWDFWZKHQWKHUHZRXOGQRUPDOO\EHDWKLQ
DLUJDSDWWKHFRQWDFWHGJH)XUWKHUPRUHWKHILOPKDVDORZIULFWLRQFRHIILFLHQWZKLFKFRXOG
OHDG WR SDUWLDO VOLGLQJ RI WKH ZKHHO DV LW FDPH LQWR FRQWDFW ZLWK WKH UDLO 7KH SUHVVXUH
VHQVLWLYHILOPZDVQRWRSWLPLVHGIRUVXFKKLJKFRQWDFWSUHVVXUHVVRWKHUHIRUHRQO\FRQWDFW
DUHDLQIRUPDWLRQFRXOGEHH[WUDFWHG
&XWWLQJDKROHLQWKHUDLOVHFWLRQLVQRWDQLGHDOVROXWLRQDQGZRXOGQRWEHSHUPLWWHGLQD
OLYH UDLOQHWZRUN ,QRUGHU WRXWLOLVH WKLV WHFKQRORJ\ LQ WKHILHOGD OHVV LQYDVLYHDSSURDFK
ZRXOGEHUHTXLUHG,WZRXOGEHSRVVLEOHWRPRXQWDUUD\VHQVRUVRQWKHXQGHUVLGHRIWKHUDLO
KHDGDQGRSHUDWHLQWKURXJKWUDQVPLVVLRQPRGH7KLVLVZKHUHRQHVHWRIVHQVRUVLVXVHGWR
JHQHUDWH WKH SUHVVXUH ZDYHV DQG D VHFRQG VHW LV XVHG WR UHFHLYH WKH ZDYHV 6XFK D
FRQILJXUDWLRQ ZRXOG EH FRPSOHWHO\ QRQGHVWUXFWLYH UHWURILWWDEOH DQG ZRXOG DFKLHYH D
VLPLODUUHVXOWDOEHLWDWORZUHVROXWLRQ7KHQH[WVWDJHRIZRUNZLOOEHWRGHYHORSWKLVQRQ
GHVWUXFWLYHFRQFHSWWRHQDEOHORZFRVWUHWURILWWDEOHFRQWDFWPHDVXUHPHQWV\VWHPVWKDWFDQ
EHXVHGWKURXJKRXWWKHUDLOQHWZRUN



7RSHUIRUPPHDVXUHPHQWVRQ WKH UDLOQHWZRUN WKHXOWUDVRQLFKDUGZDUHZRXOGKDYH WREH
FDSDEOHRISXOVLQJDWKLJKHQRXJKVSHHGWRDFFXUDWHO\FKDUDFWHULVHWKHFRQWDFWSDWFKDVWKH
ZKHHOSDVVHVWKHVHQVRU)LJXUHVKRZVWKHQXPEHURIXOWUDVRQLFOLQHPHDVXUHPHQWVWKDW
FDQEHREWDLQHGDVWKHZKHHOUROOVRYHUWKHUDLODVDIXQFWLRQRIWUDLQVSHHGIRUYDULRXVSXOVH
UHSHWLWLRQ IUHTXHQFLHV 35) IRU D UHSUHVHQWDWLYH VL]HG FRQWDFW 7KLV LQIRUPDWLRQ DOORZV
LQIRUPVWKHUHODWLRQVKLSEHWZHHQWKHXOWUDVRQLF35)DQGWKHVSHHGRIWKHUDLOURDGYHKLFOHWR
XQGHUVWDQGWKHDFKLHYDEOHUHVROXWLRQIRUGLIIHUHQWXOWUDVRQLFV\VWHPVIRUGLIIHUHQWRSHUDWLQJ
FRQGLWLRQV

)LJXUH$JUDSKVKRZLQJWKHQXPEHURIPHDVXUHPHQVDVWKHUDLOYHKLFOHSDVVHVRYHU
WKHDUUD\WUDQVGXFHUDVDIXQFWLRQRISXOVHUHSDWLWLRQIUHTXHQF\
 &21&/86,216
8OWUDVRQLF UHIOHFWRPHWU\ KDV SUHYLRXVO\ EHHQ SURYHQ WR KROG PXFK SRWHQWLDO IRU WKH
PHDVXUHPHQWRIZKHHOUDLOFRQWDFWFRQGLWLRQV7KHVFDQQLQJPHWKRG\LHOGVKLJKUHVROXWLRQ
GDWD EXW LV YHU\ OLPLWHG WR ODERUDWRU\ LQYHVWLJDWLRQV $ PHWKRG KDV EHHQ LQWURGXFHG WR
DOORZWKHPHDVXUHPHQWWREHSHUIRUPHGLQDIXOOVFDOHG\QDPLFZKHHOUDLODUUDQJHPHQW$Q
LQLWLDOTXDVLVWDWLFPHDVXUHPHQWZDVFDUULHGRXW WRYDOLGDWHWKHFRQFHSWDQGWKLV\LHOGHGD
FRQWDFWSUHVVXUHPDSVLPLODUWRPHDVXUHPHQWVZLWKSUHVVXUHVHQVLWLYHILOP
$ IXOOVL]H G\QDPLF ZKHHOUDLO ULJ ZDV HPSOR\HG WR FUHDWH D ORDGHG UROOLQJ ZKHHOUDLO
LQWHUIDFH$UDLOPRXQWHGXOWUDVRQLFVHQVRUZDVVXFFHVVIXOO\XVHGWRPHDVXUHWKHG\QDPLF
FRQWDFW SUHVVXUH SURILOH HYROXWLRQ 2EYLRXV FKDQJHV LQ FRQWDFW DUHD DQGFRQWDFW SUHVVXUH
DUHREVHUYHGZLWKLQFUHDVLQJORDGV
7KHFRQFHSWFXUUHQWO\UHTXLUHVWKHUHPRYDORIDVHFWLRQRIWKHUDLOZKLFKZRXOGQRWEHDQ
DFFHSWDEOHVROXWLRQWRXVHLQWKHILHOG$SRVVLEOHVROXWLRQWRWKLVLVVXHKDVEHHQGLVFXVVHG
ZLWKD WKURXJKWUDQVPLVVLRQVHQVRUFRQILJXUDWLRQ7KLVZRXOGDOORZWUXO\QRQGHVWUXFWLYH
35) N+]
35) N+]
35) N+]



PHDVXUHPHQW RI WKH ZKHHOUDLO LQWHUIDFH +DUGZDUH UHTXLUHPHQWV IRU UHDOWLPH
PHDVXUHPHQWRQWKHUDLOQHWZRUNKDYHEHHQGHWHUPLQHG
 


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